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(54) HIGH-PURITY GRAPHITE MEMBER FOR PULLING UP SINGLE CRYSTAL AND ITS PRODUCTION 

(57)Abstract 

PURPOSE: To easily obtain a high-purity graphite member which is less contaminated by impurities and from which the 
production of a silicon single crystal having high quality is possible without requiring a special equipment by subjecting the 
graphite member to be purified to a heat treatment in a specific reduced pressure range and temp, region. 

CONSTITUTION: The desired graphite member is obtd. by heat treating the graphite member to be purified in the temp, region 
of 1500 to 2500° C under the reduced pressure of 10-1 to 10-6Torr. This graphite member is the high- purity graphite 
member for pulling up the single crystal having a metal impurity content of >1ppm. The reason why the metal impurity content 
is confined to 1ppm lines in that if this content exceeds 1app the purification of the graphite member is insufficient and the 
silicon single crystal having the required high quality (high purity) is not obtainable with the device for pulling up using the 
graphite products consisting of such member. The metal impurities, such as Fe, Ni, Cr, Cu and Na, in the graphite member 
which are considered harmful for semiconductors are evaporated by this treatment and are removed from a purification treating 
furnace by a vacuum pump, etc. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The high-purity-graphite member for crystal pulling characterized by a metal impurity 
content being 1 ppm or less. 

[Claim 2] The manufacture approach of the high-purity-graphite member for crystal pulling 
characterized by heat-treating purified material under reduced pressure of 10-1 - 10-6Torr in a 1500- 
2500-degree C temperature region. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the graphite member for crystal pulling and its 
manufacture approach of the high grade used when manufacturing the single crystal of semi- 
conducting material, such as silicon. 
[0002] 

[Description of the Prior Art] From the former, it faces producing semi-conducting material, 
especially a silicon single crystal, and the Czochralski method called a Czochralski process (it is 
hereafter described as a CZ process) is used widely. 

[0003] Drawing 1 is drawing showing typically the general crystal manufacturing installation used 
by the CZ process. As shown in this drawing, the closed-end cylinder-like graphite crucible 1 is 
supported by the support shaft 2 which rotates at a predetermined rate, and the heater 3 and the heat 
insulating mould 9 are arranged in the outside of a graphite crucible 1 by concentric circular. 
Similarly inside a graphite crucible 1 , the closed-end cylinder- like quartz crucible 4 is installed, and 
it fills up with the melting liquid 5 of the silicon raw material which heats and carried out melting at 
the heater 3 inside the quartz crucible 4. Furthermore, on the medial axis of the quartz crucible 4, the 
raising shafts 6, such as a wire which rotates at the rate of predetermined, are arranged in the support 
shaft 2, this direction, or hard flow with the same axial center as the support shaft 2. And the single 
crystal 8 with which melting liquid 5 congeals and is formed is grown up by contacting the seed 
crystal 7 attached at the head of the raising shaft 6 on the front face of melting liquid 5, and pulling 
up the raising shaft 6. 

[0004] In recent years, with high integration of LSI, the request to quality improvement of silicon is 
strong, and much more high grade-ization is demanded also about the purity of a graphite member in 
connection with this. In case this manufactures a silicon single crystal by the CZ process, it is 
because the carbon material in a pull-up furnace is also exposed to an elevated temperature, and the 
impurity in a carbon material evaporates, it remains in a furnace and it has big effect on the quality 
(purity) of silicon. 
[0005] 

[Problem(s) to be Solved by the Invention] Generally the graphite material as a member for a silicon 
pull-up is manufactured through each process of shaping, baking, graphitization, and purification. 
Although the impurity mixed into graphite material while passing through these production 
processes was removed at the last purification process, as the approach of this purification, it was 
common after graphitization to have performed elevated-temperature halogen gassing. 
[0006] However, a 5-20 ppm impurity is contained in the graphite material obtained by the above- 
mentioned conventional approach, and purity is inadequate as graphite material for high quality 
silicon manufacture. 

[0007] In addition to a limitation being in the purification effectiveness, since this conventional 
approach used staining substances, such as strong acid and halogen content gas, for purification 
processing, it needed a special reactor and a special wastes treatment equipment, and it caused 
lowering of productivity, and a cost rise. 

[0008] About the approach of raising the purity of graphite material, the crystal pulling equipment 
which used for each part the approach of heat-treating, for example, supplying halogen gas under 
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reduced pressure and the graphite material obtained by this approach is proposed (JP,63-79759,A, 
JP,6-2637,B, and JP,7-29762,B). Technical problems, such as the aforementioned cost rise, have 
come [ however, / the approach indicated here has a facility and a complicated process, and ] to be 
solved. 

[0009] Since the conventional elevated-temperature halogen gassing of high- grade- izing is 
inadequate, the purification effectiveness is excellent, a metal impurity content can manufacture the 
graphite material of a high grade 1 ppm or less, and this invention is made considering offering an 
approach simple also in facility, and cheap as a technical problem. 
[0010] 

[Means for Solving the Problem] The summary of this invention is in the high-purity-graphite 
member of following (1), and its manufacture approach of (2). 

[001 1] (1) The high-purity-graphite member for crystal pulling characterized by a metal impurity 
content being 1 ppm or less. 

[0012] (2) The manufacture approach of the high-purity- graphite member for crystal pulling 
characterized by heat-treating purified material under reduced pressure of 10-1 - 10-6Torr in a 1500- 
2500-degree C temperature region. 

[0013] In the pull-up equipment used by the CZ process indicated to be the aforementioned graphite 
member to drawing 1 , the graphite product used for a crucible, a heater, incubation heat insulation, 
etc. is said. 

[0014] Moreover, a metal impurity content means Fe, nickel, Cr, Cu, Na, K, calcium, and the other 

sum total contents of all the metallic elements contained as an impurity. 

[0015] 

[Function] The metal impurity content of the high-purity-graphite member of this invention 
(invention of the above (1)) is a graphite member 1 ppm or less. 

[0016] It is because having specified the metal impurity content as 1 ppm or less does not have 
enough purification of graphite material when exceeding 1 ppm, and the silicon single crystal of the 
high quality (high grade) demanded is not obtained with the pull-up equipment using the graphite 
product which consists of such a member. Few contents of a metal impurity are so good that there 
are. 

[0017] Invention of the above (2) is the manufacture approach of the high-purity-graphite member of 
(1), and is the approach of heat-treating at a 1500-2500-degree C elevated temperature under reduced 
pressure as a high purifying method (purification processing). 

[0018] Metal impurities in the graphite member made harmful to a semi-conductor by this 
processing, such as Fe, nickel, Cr, Cu, and Na, evaporate, and are removed from a purification 
processing furnace by the vacuum pump etc. 

[0019] The evaporation of an impurity is decided by purification processing temperature and the 
degree of vacuum. For example, the relation of the full volatilization temperature of Fe which is a 
typical metal impurity, and a degree of vacuum is shown in a table 1 . Since low temperature takes 
long duration theoretically in processing of a large-sized product in which industrial production of 
the degree of vacuum is carried out although Fe volatilizes thoroughly by heat treatment of 1595 
degrees C or more by 10-6Torr at 979 degrees C or more and 10-lTorr etc., it is realistic to perform 
high temperature processing. 
[0020] 
[A table 1] 

m l 





760Torr 


lOTorr 


10 _3 Torr 


l(r a Torr 




2926*C 


2120 < C 


1282X: 


979X: 



[0021] Although purification processing temperature changes with the classes and degree of 
vacuums of a metal impurity which it is going to remove, it is possible to carry out evaporation 
clearance of the degree of vacuum also about which the above-mentioned metal impurity, even if it 
is a large-scale industrial product by [ suitable in 10-1 - 10-6Torr, then a 1500-2500-degree C 
temperature region ] carrying out time amount processing, and a metal impurity content can obtain a 
high grade article 1 ppm or less. 
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[0022] When processing temperature is less than 1500 degrees C, although evaporation of an 
impurity metallic element advances, it requires time amount, and in a large-sized article like the 
graphite member for a silicon pull-up, even if it processes for a long time, its homogeneous high 
grade product is difficult to get, and it is inferior also in productivity. Moreover, if it processes at the 
temperature exceeding 2500 degrees C, since change will arise in the degree of graphitization of a 
product and product properties (reinforcement etc.) will deteriorate, it is not desirable. In addition, 
what is necessary is just to usually make the processing time into 1 hour - 5 hours that what is 
necessary is just to set suitably according to the magnitude of a processing object. 
[0023] By less than 10 to 1 Torr, the degree of vacuum at the time of purification processing (If it 
puts in another way and the pressure of a residual gas is higher than 10-1 Torr), When aimed at a 
large-sized article, a homogeneous high grade article is difficult to get, and if it is going to obtain the 
degree of vacuum (condition that the pressure of a residual gas is lower than 10-6Torr) exceeding 
10-6Torr, since long duration will be taken for an expensive facility to be needed and to reach a 
predetermined degree of vacuum, productivity also falls. 

[0024] It can carry out easily [ face the above-mentioned this invention approach carrying out, and a 
special facility is not required, and / since what is necessary is just to use a vacuum facility of a 
heating means (method) usually used to use carbon-resistance generation of heat, RF generation of 
heat, etc., a rotary pump, a diffusion pump, etc. ], without being accompanied by cost rise. 
[0025] 

[Example] Below, the example and the example of a comparison concerning this invention are 
explained concretely. 

[0026] After producing a graphite crucible with a bore [ for a [example 1] silicon pull-up ] of 18 
inches through each process of shaping, baking, and graphitization, purification processing was 
carried out based on this invention approach. Purification processing conditions were set to 2500 
degree-Cx2hr and 10-1 Torr. 

[0027] The core of the obtained graphite member (graphite crucible) is sampled, and the result which 
carried out purity assessment by neutron activation analysis is shown in a table 2. In less than (Tr 
expressed in the table) 0. 1 ppm, each analyzed metallic element was a high grade very much. 
[0028] Except [ all ] having set [example 2] purification processing conditions to 2000 degree-Cx2hr 
and 10-1 Torr, the graphite member (graphite crucible) was produced according to the same process 
as an example 1, and purity assessment was performed by the same approach. 
[0029] A result is shown in a table 2. It was a high grade very much like the case of an example 1 
also in this case. 

[0030] Except [ all ] having set [example 3] purification processing conditions to 2000 degree-Cx2hr 
and 10-5Torr, the graphite member (graphite crucible) was produced according to the same process 
as an example 1 , and purity assessment was performed by the same approach. 
[003 1] Although the result was similarly shown in a table 2, it was a high grade very much like the 
case of examples 1 and 2. 

[0032] Except [ all ] having set [example 4] purification processing conditions to 1500 degree-Cx2hr 
and 10-6Torr, the graphite member (graphite crucible) was produced according to the same process 
as an example 1 , and purity assessment was performed by the same approach. 

[0033] The result was a high grade very much like the case of other examples as shown in a table 2. 
[0034] Except [ all ] having set the [example 1 of comparison] purification processing conditions to 
1400 degree-Cx2hr and 10-1 Torr, the graphite member (graphite crucible) was produced according 
to the same process as an example 1, and purity assessment was performed by the same approach 
[0035] Although the result was shown in a table 2, since processing temperature had separated from 
the conditions specified by this invention approach, purification was inadequate, and the metal 
impurity content was over 1 ppm greatly. 

[0036] Except [ all ] the conventional elevated-temperature halogen gassing (it heating at 2000 
degrees C among a chlorine gas ambient atmosphere for 3 hours) having performed the [example 2 
of comparison] purification, the graphite member (graphite crucible) was produced in the same 
process as an example 1, and purity assessment was performed by the same approach. 
[0037] The result was as having been shown in a table 2, and there were many contents of a metal 
impurity and purification's were inadequate. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 7/25/2006 



JP,08-337493,A [DETAILED DESCRIPTION] 



Page 4 of 4 



[0038] 
[A table 2] 



S 2 









Fe 


Ni 


Cr 


Cu 


Na 


K 


Ca 


*%mffl i 


2500^ 
IQ-'Torr 


Tr 


Tr 


Tr 


Tr 


Tr 


Tr 


Tr 


mmm 2 


20001c 

J0- J Torr 


Tr 


Tr 


Tr 


Tr 


Tr 


Tr 


Tr 


3 


2000T! 
10~ 5 Torr 


Tr 


Tr 


Tr 


Tr 


Tr 


Tr 


Tr 




1500XJ 
10"°Torr 


Tr 


Tr 


Tr 


Tr 


Tr 


Tr 


Tr 


JtK« l 


I400T; 
lC'Torr 


1. 2 


1. 5 


0. 7 


1. 7 


1. 0 


0. 5 


2. 5 


JtKH 2 




0. 9 


1. 0 


0. 6 


0. 3 


1. 9 


1.2 


2. 0 



<&) Tr : 0. lppi^SS 

[0039] 



[Effect of the Invention] The graphite member concerning this invention has very few contents of a 
metal impurity, if this member is used, there is little contamination by the impurity, and it is possible 
to manufacture the silicon single crystal of high quality. The graphite member of this high grade can 
be manufactured without needing a special facility easily by this invention approach. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing typically the configuration of the general crystal manufacturing 
installation used by the CZ process. 
[Description of Notations] 

1: A graphite crucible, 2:support shaft, 3:heater, 4:quartz crucible, 5:melting liquid, 6:raising shaft 
7: seed crystal, 8: single crystal, 9 : heat insulating mould 



[Translation done.] 
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DRAWINGS 



[Drawing 1] 




[Translation done.] 
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